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1RWDWLRQ 0HDQLQJ

$SRVWURSKHV���RU�
 0XVW�EH�HQWHUHG�H[DFWO\�DV�VKRZQ

&RPPDV�� 0XVW�EH�HQWHUHG�H[DFWO\�DV�VKRZQ

(OOLSVLV�« 7KH�SUHFHGLQJ�SDUDPHWHU�FDQ�EH�UHSHDWHG��'R�QRW�HQWHU�WKH�
HOOLSVLV

ORZHU�FDVH�LWDOLFV 7KH�SDUDPHWHU�PXVW�EH�VXEVWLWXWHG
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FDQQRW�HQWHU�PRUH�WKDQ�RQH�LWHP

3DUHQWKHVLV������ 0XVW�EH�HQWHUHG�H[DFWO\�DV�VKRZQ

3DUDPHWHU�LQ�
VTXDUH�EUDFNHWV�>���@

7KH�SDUDPHWHUV�ZLWKLQ�WKH�EUDFNHWV�LV�RSWLRQDO��'R�QRW�HQWHU�
WKH�EUDFNHWV

6WDFNHG�EUDFHV
^���`
^���`
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What Is the LSF Parallel System?1
What Is the LSF Parallel System?

7KH�/6)�3DUDOOHO�V\VWHP�LV�D�IXOO\�VXSSRUWHG�FRPPHUFLDO�VRIWZDUH�V\VWHP�WKDW�
VXSSRUWV�WKH�SURJUDPPLQJ��WHVWLQJ��DQG�H[HFXWLRQ�RI�SDUDOOHO�DSSOLFDWLRQV�LQ�
SURGXFWLRQ�HQYLURQPHQWV�

7KH�/6)�3DUDOOHO�V\VWHP�LV�IXOO\�LQWHJUDWHG�ZLWK�WKH�/6)�%DWFK�V\VWHP��WKH�GH�IDFWR�
LQGXVWU\�VWDQGDUG�UHVRXUFH�PDQDJHPHQW�VRIWZDUH�SURGXFW��WR�SURYLGH�ORDG�VKDULQJ�
LQ�D�GLVWULEXWHG�V\VWHP�DQG�EDWFK�VFKHGXOLQJ�IRU�FRPSXWH�LQWHQVLYH�MREV��7KH�/6)�
3DUDOOHO�V\VWHP�SURYLGHV�VXSSRUW�IRU�

� '\QDPLF�UHVRXUFH�GLVFRYHU\�DQG�DOORFDWLRQ��UHVRXUFH�UHVHUYDWLRQ��IRU�SDUDOOHO�
EDWFK�MRE�H[HFXWLRQ

� 7UDQVSDUHQW�LQYRFDWLRQ�RI�WKH�GLVWULEXWHG�MRE�SURFHVVHV
� )XOO�FRQWURO�RI�WKH�GLVWULEXWHG�MRE�SURFHVVHV�WR�HQVXUH�QR�SURFHVVHV�ZLOO�

EHFRPH�XQ�PDQDJHG��7KLV�HIIHFWLYHO\�UHGXFHV�WKH�SRVVLELOLW\�RI�RQH�SDUDOOHO�MRE�
FDXVLQJ�VHYHUH�GLVUXSWLRQ�WR�DQ�RUJDQL]DWLRQ
V�FRPSXWHU�VHUYLFH�

� 7KH�VWDQGDUG�03,�LQWHUIDFH
� $OO�PDMRU�81,;�RSHUDWLQJ�V\VWHPV
� )XOO�LQWHJUDWLRQ�ZLWK�WKH�/6)�%DWFK�V\VWHP�SURYLGLQJ�KHWHURJHQHRXV�UHVRXUFH�

EDVHG�EDWFK�MRE�VFKHGXOLQJ�
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How Does LSF Parallel Fit Into the LSF Batch System?

7KH�/6)�3DUDOOHO�V\VWHP�DGRSWV�D�OD\HUHG�DSSURDFK��VKRZQ�LQ�)LJXUH����WKDW�LV�IXOO\�
LQWHJUDWHG�ZLWK�WKH�/6)�%DWFK�V\VWHP��,Q�DGGLWLRQ�WR�WKH�/6)�%DWFK�V\VWHP�
UHVRXUFHV��WKH�IROORZLQJ�FRPSRQHQWV�PDNH�XS�WKH�/6)�3DUDOOHO�V\VWHP�

� 7KH�03,�/LEUDU\
� 7KH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU��3$0��

)LJXUH�����0DMRU�&RPSRQHQWV�RI�WKH�/6)�3DUDOOHO�V\VWHP

MPI Library

7KH�0HVVDJH�3DVVLQJ�,QWHUIDFH��03,��OLEUDU\�LV�D�PHVVDJH�SDVVLQJ�OLEUDU\�WKDW�PXVW�
EH�OLQNHG�WR�WKH�SDUDOOHO�DSSOLFDWLRQV�WKDW�DUH�WR�EH�UXQ�LQ�WKH�/6)�%DWFK�V\VWHP��
7KH�03,�OLEUDU\�WUDQVODWHV�03,�PHVVDJH�FDOOV�WR�PHVVDJHV�IRU�WKH�PDFKLQH�
GHSHQGHQW�OD\HU�DQG�LW�LQWHUIDFHV�WKH�XVHU�DSSOLFDWLRQ�WR�3$0��

6HH�9HQGRU�03,�,PSOHPHQWDWLRQV�RQ�SDJH����IRU�D�GHVFULSWLRQ�RI�YHQGRU�VSHFLILF�03,�
LPSOHPHQWDWLRQV�
LSF Parallel User’s Guide 3
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PAM

7KH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU��3$0��LV�WKH�SRLQW�RI�FRQWURO�IRU�WKH�/6)�3DUDOOHO�
V\VWHP��3$0�LV�IXOO\�LQWHJUDWHG�ZLWK�WKH�/6)�%DWFK�V\VWHP��3$0�LQWHUIDFHV�WKH�
XVHU�DSSOLFDWLRQ�ZLWK�WKH�/6)�%DWFK�V\VWHP��)RU�DOO�SDUDOOHO�DSSOLFDWLRQ�SURFHVVHV�
�WDVNV���3$0�

� 0DLQWDLQV�WKH�FRPPXQLFDWLRQ�FRQQHFWLRQ�PDS
� 0RQLWRUV�DQG�IRUZDUGV�FRQWURO�VLJQDOV
� 5HFHLYHV�UHTXHVWV�WR�DGG��GHOHWH��VWDUW��DQG�FRQQHFW�WDVNV
� 0RQLWRUV�UHVRXUFH�XVDJH�ZKLOH�WKH�XVHU�DSSOLFDWLRQ�LV�UXQQLQJ
� (QIRUFHV�MRE�OHYHO�UHVRXUFH�OLPLWV
� &ROOHFWV�UHVRXUFH�XVDJH�LQIRUPDWLRQ�DQG�H[LW�VWDWXV�XSRQ�WHUPLQDWLRQ
� +DQGOHV�VWDQGDUG�,�2�

LSF Batch System

7KH�/6)�%DWFK�V\VWHP�LV�D�VRSKLVWLFDWHG�UHVRXUFH�EDVHG�EDWFK�MRE�VFKHGXOLQJ�
V\VWHP��,W�DFFHSWV�XVHU�MREV�DQG�KROGV�WKHP�LQ�TXHXHV�XQWLO�VXLWDEOH�KRVWV�DUH�
DYDLODEOH�DQG�UHVRXUFH�UHTXLUHPHQWV�DUH�VDWLVILHG��+RVW�VHOHFWLRQ�LV�EDVHG�RQ�XS�WR�
WKH�PLQXWH�ORDG�LQIRUPDWLRQ�SURYLGHG�E\�WKH�PDVWHU�/RDG�,QIRUPDWLRQ�0DQDJHU�
�/,0��

/6)�%DWFK�UXQV�XVHU�MREV�RQ�EDWFK�VHUYHU�KRVWV��,W�KDV�VRSKLVWLFDWHG�FRQWUROV�IRU�
VKDULQJ�KRVWV�ZLWK�LQWHUDFWLYH�XVHUV��WKHUH�LV�QR�QHHG�WR�VHW�DVLGH�GHGLFDWHG�KRVWV�
IRU�SURFHVVLQJ�EDWFK�MREV�

6HH�WKH�/6)�%DWFK�8VHU·V�*XLGH�DQG�WKH�/6)�%DWFK�$GPLQLVWUDWRU·V�*XLGH�IRU�D�GHWDLOHG�
GHVFULSWLRQ�RI�WKH�/6)�%DWFK�V\VWHP�
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LSF Parallel Architecture

7KH�/6)�3DUDOOHO�V\VWHP�IXOO\�XWLOL]HV�WKH�UHVRXUFHV�RI�WKH�/6)�%DWFK�6\VWHP�IRU�
UHVRXUFH�VHOHFWLRQ�DQG�SURFHVV�LQYRFDWLRQ�DQG�FRQWURO��7KH�SURFHVV�RI�SDUDOOHO�EDWFK�
MRE�LQYRFDWLRQ�DQG�FRQWURO�LV�VKRZQ�LQ�)LJXUH���DQG�GHVFULEHG�LQ�7DEOH���RQ�SDJH����
7KH�/6)�FRPSRQHQWV�VKRZQ�LQ�)LJXUH���DUH�GHVFULEHG�LQ�7DEOH���RQ�SDJH����

)LJXUH�����/6)�3DUDOOHO�$UFKLWHFWXUH���

7KH�/6)�3DUDOOHO�V\VWHP�DOVR�VXSSRUWV�LQWHUDFWLYH�SDUDOOHO�MRE�VXEPLVVLRQ��7KH�
SURFHVV�LV�VLPLODU�WR�WKDW�VKRZQ�LQ�)LJXUH���H[FHSW�WKH�XVHU�UHTXHVW�LV�VXEPLWWHG�
GLUHFWO\�WR�3$0�ZKLFK�PDNHV�D�VLPSOH�SODFHPHQW�TXHU\�WR�/,0��-RE�TXHXLQJ�DQG�
UHVRXUFH�UHVHUYDWLRQV�DUH�QRW�VXSSRUWHG�LQ�LQWHUDFWLYH�PRGH�������������
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7DEOH�����/6)�3DUDOOHO�%DWFK�-RE�,QYRFDWLRQ

6WDJH 'HVFULSWLRQ

� 8VHU�VXEPLWV�D�SDUDOOHO�EDWFK�MRE�WR�WKH�/6)�%DWFK�V\VWHP�

� 0%'�UHWULHYHV�D�OLVW�RI�VXLWDEOH�H[HFXWLRQ�KRVWV�IURP�WKH�PDVWHU�/,0

� 0%'�DOORFDWHV��VFKHGXOHV��UHVHUYHV��WKH�H[HFXWLRQ�KRVWV�IRU�WKH�SDUDOOHO�
EDWFK�MRE

� 0%'�GLVSDWFKHV�WKH�SDUDOOHO�EDWFK�MRE�WR�WKH�6%'�RQ�WKH�ILUVW�H[HFXWLRQ�
KRVW�WKDW�ZDV�DOORFDWHG�WR�WKH�EDWFK�MRE

� 6%'�VWDUWV�3$0�RQ�WKH�VDPH�H[HFXWLRQ�KRVW

� 3$0�VWDUWV�5(6�RQ�HDFK�H[HFXWLRQ�KRVW�DOORFDWHG�WR�WKH�EDWFK�MRE

� 5(6�VWDUWV�WKH�WDVNV�RQ�HDFK�H[HFXWLRQ�KRVW

7DEOH�����'HVFULSWLRQ�RI�/6)�3DUDOOHO�&RPSRQHQWV

3DUW )XQFWLRQ

8VHU�5HTXHVW %DWFK�MRE�VXEPLVVLRQ�WR�WKH�/6)�%DWFK�V\VWHP�XVLQJ�WKH�bsub�
FRPPDQG�

0%' 7KH�0DVWHU�%DWFK�'DHPRQ�LV�WKH�SROLF\�FHQWHU�IRU�WKH�/6)�
%DWFK�V\VWHP��,W�PDLQWDLQV�LQIRUPDWLRQ�DERXW�EDWFK�MREV��
KRVWV��XVHUV��DQG�TXHXHV��$OO�RI�WKLV�LQIRUPDWLRQ�LV�XVHG�LQ�
VFKHGXOLQJ�EDWFK�MREV�WR�KRVWV�

/,0 7KH�/RDG�,QIRUPDWLRQ�0DQDJHU�LV�D�GDHPRQ�SURFHVV�UXQQLQJ�
RQ�HDFK�H[HFXWLRQ�KRVW��/,0�PRQLWRUV�WKH�ORDG�RQ�LWV�KRVW�
DQG�H[FKDQJHV�WKLV�LQIRUPDWLRQ�ZLWK�WKH�0DVWHU�/,0��

7KH�0DVWHU�/,0�UHVLGHV�RQ�RQH�H[HFXWLRQ�KRVW�DQG�FROOHFWV�
LQIRUPDWLRQ�IURP�WKH�/,0V�RQ�DOO�RWKHU�KRVWV�LQ�WKH�/6)�
FOXVWHU��,I�WKH�PDVWHU�/,0�EHFRPHV�XQDYDLODEOH��DQRWKHU�KRVW�
ZLOO�DXWRPDWLFDOO\�WDNH�RYHU�

)RU�EDWFK�VXEPLVVLRQ�WKH�PDVWHU�/,0�SURYLGHV�WKLV�
LQIRUPDWLRQ�LV�SURYLGHG�WR�WKH�0%'�

)RU�LQWHUDFWLYH�H[HFXWLRQ�WKH�0DVWHU�/,0�SURYLGHV�VLPSOH�
SODFHPHQW�DGYLFH�
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6%' 7KH�6ODYH�%DWFK�'DHPRQV�DUH�EDWFK�MRE�H[HFXWLRQ�DJHQWV�
UHVLGLQJ�RQ�WKH�H[HFXWLRQ�KRVWV��6%'�UHFHLYHV�MREV�IURP�WKH�
0%'�LQ�WKH�IRUP�RI�D�MRE�VSHFLILFDWLRQ�DQG�VWDUWV�5(6�WR�UXQ�
WKH�MRE�DFFRUGLQJ�WKH�VSHFLILFDWLRQ��6%'�UHSRUWV�WKH�EDWFK�
MRE�VWDWXV�WR�WKH�0%'�ZKHQHYHU�MRE�VWDWH�FKDQJHV��

3$0 7KH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU�LV�WKH�SRLQW�RI�FRQWURO�IRU�
WKH�/6)�3DUDOOHO�V\VWHP��3$0�LV�IXOO\�LQWHJUDWHG�ZLWK�WKH�/6)�
6\VWHP��3$0�LQWHUIDFHV�WKH�XVHU�DSSOLFDWLRQ�ZLWK�WKH�/6)�
V\VWHP��

,I�3$0�RU�LWV�KRVW�FUDVKHV��HDFK�5(6�ZLOO�WHUPLQDWH�DOO�WDVNV�
XQGHU�LWV�PDQDJHPHQW��7KLV�DYRLGV�WKH�SUREOHP�RI�RUSKDQHG�
SURFHVVHV�

5(6 7KH�5HPRWH�([HFXWLRQ�6HUYHUV�UHVLGH�RQ�HDFK�H[HFXWLRQ�
KRVW��5(6�PDQDJHV�DOO�UHPRWH�WDVNV�DQG�IRUZDUGV�VLJQDOV��
VWDQGDUG�,�2��UHVRXUFHV�FRQVXPSWLRQ�GDWD��DQG�SDUDOOHO�MRE�
LQIRUPDWLRQ�EHWZHHQ�3$0�DQG�WKH�WDVNV��

DSSOLFDWLRQ�WDVN 7KH�LQGLYLGXDO�SURFHVV�RI�D�SDUDOOHO�DSSOLFDWLRQ

H[HFXWLRQ�KRVWV 7KH�PRVW�VXLWDEOH�KRVWV�WR�H[HFXWH�WKH�EDWFK�MRE�DV�
GHWHUPLQHG�E\�WKH�/6)�%DWFK�V\VWHP�

ILUVW�H[HFXWLRQ�KRVW 7KH�KRVW�QDPH�DW�WKH�WRS�RI�WKH�H[HFXWLRQ�KRVW�OLVW�DV�
GHWHUPLQHG�E\�WKH�/6)�%DWFK�V\VWHP

7DEOH�����'HVFULSWLRQ�RI�/6)�3DUDOOHO�&RPSRQHQWV
LSF Parallel User’s Guide 7
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2 Getting Started

7KH�SXUSRVH�RI�WKLV�FKDSWHU�LV�WR�TXLFNO\�LQWURGXFH�WKH�FRQFHSWV�QHHGHG�WR�VWDUW�
XVLQJ�WKH�/6)�3DUDOOHO�V\VWHP��7KH\�DUH��FRPSLOLQJ��OLQNLQJ��DQG�VXEPLWWLQJ�SDUDOOHO�
DSSOLFDWLRQV��7KH�H[DPSOH�XVHG�LQ�WKLV�FKDSWHU�LV�D�GLVWULEXWHG�YHUVLRQ�RI�WKH�+HOOR�
:RUOG�SURJUDP�QDPHG�P\MRE��ZULWWHQ�LQ�&�

7KLV�FKDSWHU�GLVFXVVHV�WKH�IROORZLQJ�WRSLFV�

:ULWLQJ�D�'LVWULEXWHG�$SSOLFDWLRQ���������������������������������������������������������������������������
&RPSLOLQJ�DQG�/LQNLQJ�WKH�$SSOLFDWLRQ�����������������������������������������������������������������
5XQQLQJ�WKH�$SSOLFDWLRQ�������������������������������������������������������������������������������������������

Note   ,I�WKH�FRPPDQGV�FDQQRW�EH�H[HFXWHG�RU�WKH�PDQ�SDJHV�FDQQRW�EH�YLHZHG��
WKH�DSSURSULDWH�GLUHFWRULHV�PD\�QHHG�WR�DGGHG�WR�WKH�V\VWHPV�SDWK��FKHFN�ZLWK�WKH�
V\VWHP�DGPLQLVWUDWRU�
LSF Parallel User’s Guide 9
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Writing a Distributed Application

7KLV�H[DPSOH�SURJUDP��ZULWWHQ�LQ�&��LV�D�GLVWULEXWHG�YHUVLRQ�RI�WKH�+HOOR�:RUOG�
SURJUDP�QDPHG�P\MRE��8VH�DQ�HGLWRU�WR�HQWHU�WKH�FRGH�IRU�WKLV�DSSOLFDWLRQ��$IWHU�
WKH�FRGH�LV�HQWHUHG��VDYH�LW�LQ�D�ILOH�QDPHG�myjob.c

/*
 * File: myjob.c
 */
#include <stdio.h>
#include "mpi.h"              /* MPI header file */

int
main(int argc, char **argv)
{
    int myrank;               /* Rank of this process */
    int n_processes;          /* Number of Processes */
    int srcrank;              /* Rank of the Sender */
    int destrank;             /* Rank of the receiver */
    char mbuf[512];           /* Message buffer */
    MPI_Status mstat;         /* Return Status of an MPI operation */

    MPI_Init(&argc, &argv);
    MPI_Comm_rank(MPI_COMM_WORLD, &myrank);
    MPI_Comm_size(MPI_COMM_WORLD, &n_processes);
    
    if (myrank != 0) {
        sprintf(mbuf, "Hello, from process %d!", myrank);
        destrank = 0;
        MPI_Send(mbuf, strlen(mbuf)+1, MPI_CHAR,
                 destrank, 90,MPI_COMM_WORLD);
    } else {
        for (srcrank = 1; srcrank < n_processes; srcrank++) {
           MPI_Recv(mbuf, 512, MPI_CHAR,
                    srcrank, 90, MPI_COMM_WORLD,&mstat);
           printf("From process %d: %s\n", srcrank, mbuf);
      }
    }
    MPI_Finalize();
}

10 LSF Parallel User’s Guide
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Compiling and Linking the Application

$IWHU�WKH�H[DPSOH�SURJUDP�LV�HQWHUHG�DQG�VDYHG�DV�myjob.c��XVH�WKH�mpicc�VFULSW�
WR�FRPSLOH�DQG�OLQN�WKH�DSSOLFDWLRQ��7KH�mpicc�VFULSW�LV�XVHG�LQ�D�VLPLODU�PDQQHU�
WR�RWKHU�81,;�EDVHG�&�FRPSLOHUV��7KLV�VFULSW�SURYLGHV�WKH�RSWLRQV�DQG�VSHFLDO�
OLEUDULHV�QHHGHG�WR�FRPSLOH�DQG�OLQN�D�SDUDOOHO�DSSOLFDWLRQ�IRU�WKH�/6)�3DUDOOHO�
HQYLURQPHQW�

Compile and Link

7R�FRPSLOH�DQG�OLQN�WKH�VRXUFH�FRGH�LQ�WKH�myjob.c�ILOH�LQ�RQH�VWHS��HQWHU�WKH�
IROORZLQJ�FRPPDQG�

% mpicc myjob.c -o myjob

7KH�ELQDU\�FUHDWHG�LV�FDOOHG�myjob��
LSF Parallel User’s Guide 11
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Running the Application

Submit to the LSF Batch System

7R�VXEPLW�WKH�SDUDOOHO�DSSOLFDWLRQ�myjob�WR�WKH�/6)�%DWFK�V\VWHP��UHTXHVWLQJ�WKUHH�
SURFHVVRUV��HQWHU�WKH�IROORZLQJ�FRPPDQG�

7KLV�FRPPDQG�FUHDWHV�WKUHH�SURFHVVHV�DQG�HDFK�UXQV�DQ�LQVWDQFH�RI myjob��7KH�
bsub�FRPPDQG�KDV�D�QXPEHU�RI�FRPPDQG�OLQH�RSWLRQV��ZKLFK�DUH�GLVFXVVHG�LQ�
PRUH�GHWDLO�LQ�6XEPLWWLQJ�%DWFK�-REV�RQ�SDJH�����7R�YLHZ�WKH�VWDWXV�RI�WKH�SDUDOOHO�
EDWFK�MRE��HQWHU�WKH�IROORZLQJ�FRPPDQG�

7KH�bjobs�FRPPDQG�KDV�D�QXPEHU�RI�FRPPDQG�OLQH�RSWLRQV��ZKLFK�DUH�GLVFXVVHG�
LQ�PRUH�GHWDLO�LQ�0RQLWRULQJ�-RE�6WDWXV�RQ�SDJH�����

Execute Interactively

7R�LQWHUDFWLYHO\�H[HFXWH�WKH�SDUDOOHO�DSSOLFDWLRQ�myjob�RQ�WKUHH�SURFHVVRUV��HQWHU�
WKH�IROORZLQJ�FRPPDQG�

7KH�pam�FRPPDQG�KDV�D�QXPEHU�RI�FRPPDQG�OLQH�RSWLRQV��ZKLFK�DUH�GLVFXVVHG�
LQ�PRUH�GHWDLO�LQ�7KH�SDP�&RPPDQG�RQ�SDJH����

% bsub -n 3 pam myjob
Job <1288> is submitted to default queue <normal>.

% bjobs
JOBID USER    STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
1288  user1   PEND  normal     hopper      host1       myjob      Apr 16 14:43
                                           host2
                                            host3 

% pam -n 3 myjob
Server PAM contact address is klee:2801
From process 1: Hello, world from process 1!
From process 2: Hello, world from process 2!
From process 3: Hello, world from process 3!

TID  HOST_NAME    COMMAND_LINE             STATUS         TERMINATION_TIME
===  =========    ============  ========================  ==================
1    host1        myjob         Completed                 04/16/98 15:05:56
2    host2        myjob         Completed                 04/16/98 15:05:56
3    host3        myjob         Completed                 04/16/98 15:05:56
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3 Building Parallel Applications

7KH�/6)�3DUDOOHO�V\VWHPV�SURYLGHV�WRROV�WR�KHOS�EXLOG�D�SDUDOOHO�DSSOLFDWLRQ�WR�WDNH�
IXOO�DGYDQWDJH�RI�WKH�/6)�%DWFK�V\VWHP��0RVW�SDUDOOHO�DSSOLFDWLRQV�FDQ�EH�UHXVHG�
E\�VLPSO\�UH�OLQNLQJ�ZLWK�WKH�3$0�DZDUH�03,�OLEUDU\��LQ�VRPH�LQVWDQFHV�WKHUH�PD\�
QRW�HYHQ�EH�D�QHHG�WR�UH�FRPSLOH�

7KLV�FKDSWHU�GLVFXVVHV�WKH�EDVLF�VWHSV�LQ�EXLOGLQJ�D�SDUDOOHO�DSSOLFDWLRQ��:H�GLVFXVV�
WKH�EDVLF�VWUXFWXUH�RI�WKH�DSSOLFDWLRQ�DQG�KRZ�LW�LV�FRPSLOHG�DQG�OLQNHG�

Note   7KLV�FKDSWHU�IRFXVHV�RQ�EXLOGLQJ�D�SDUDOOHO�DSSOLFDWLRQ�WR�PDNH�RSWLPDO�XVH�
RI�WKH�/6)�%DWFK�V\VWHP��,W�DVVXPHV�IDPLOLDULW\�ZLWK�WKH�/6)�6XLWH�RI�SURGXFWV�DQG�
VWDQGDUG�03,��7KHUHIRUH�LW�GRHV�QRW�GLVFXVV�ZULWLQJ�03,�SURJUDPV�

7KLV�FKDSWHU�FRQWDLQV�WKH�IROORZLQJ�WRSLFV�

,QFOXGLQJ�WKH�+HDGHU�)LOH �����������������������������������������������������������������������������������������
&RPSLOLQJ�DQG�/LQNLQJ ���������������������������������������������������������������������������������������������
%XLOGLQJ�D�+HWHURJHQHRXV�3DUDOOHO�$SSOLFDWLRQ�����������������������������������������������������

�
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Building Parallel Applications
Including the Header File3
Including the Header File

$�VHW�RI�3$0�DZDUH�KHDGHU�ILOHV�DUH�LQFOXGHG�ZLWK�WKH�/6)�3DUDOOHO�V\VWHP�
LQVWDOODWLRQ��7KH\�DUH�W\SLFDOO\�ORFDWHG�LQ�WKH�LSF_INCLUDEDIR/lsf/mpi/�
GLUHFWRU\��7KH�KHDGHU�ILOHV�FRQWDLQ�WKH�03,�GHILQLWLRQV��PDFURV��DQG�IXQFWLRQ�
SURWRW\SHV�QHFHVVDU\�IRU�XVLQJ�WKH�/6)�3DUDOOHO�V\VWHP�

Include Syntax

7KH�LQFOXGH�V\QWD[�PXVW�EH�SODFHG�DW�WKH�WRS�RI�DQ\�SDUDOOHO�DSSOLFDWLRQ�WKDW�FDOOV�
03,�URXWLQHV��7KH�LQFOXGH�VWDWHPHQW�ORRNV�OLNH�WKLV�

,Q�&�DSSOLFDWLRQV�

#include <mpi.h>

,Q�)RUWUDQ����DSSOLFDWLRQV�

INCLUDE ‘mpif.h’

Note   ,I�WKH�KHDGHU�ILOHV�DUH�QRW�ORFDWHG�LQ�WKH�LSF_INCLUDEDIR/lsf/mpi/�
GLUHFWRU\��FKHFN�ZLWK�\RXU�V\VWHP�DGPLQLVWUDWRU�
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Compiling and Linking
Compiling and Linking

7KH�/6)�3DUDOOHO�V\VWHP�SURYLGHV�D�VHW�RI�VFULSWV�WKDW�KHOS�ZLWK�WKH�FUHDWLRQ�RI�
H[HFXWDEOH�REMHFWV��7KH\�DUH��mpicc�IRU�&�SURJUDPV�DQG�mpif77�IRU�)RUWUDQ����
SURJUDPV��7KHVH�VFULSWV�SURYLGH�WKH�RSWLRQV�DQG�VSHFLDO�OLEUDULHV�QHHGHG�WR�FRPSLOH�
DQG�OLQN�03,�SURJUDPV�IRU�XVH�ZLWK�WKH�/6)�3DUDOOHO�V\VWHP��$SSOLFDWLRQV�DUH�OLQNHG�
WR�V\VWHP�GHSHQGHQW�OLEUDULHV�DQG�WKH�DSSURSULDWH�03,�OLEUDU\�

C Programs

7KH�/6)�3DUDOOHO�&�FRPSLOHU��mpicc��LV�XVHG�WR�FRPSLOH�03,�&�VRXUFH�ILOHV��,W�LV�
XVHG�LQ�D�VLPLODU�PDQQHU�WR�RWKHU�81,;�EDVHG�&�FRPSLOHUV��

)RU�H[DPSOH��7R�FRPSLOH�WKH�VDPSOH�SURJUDP�FRQWDLQHG�LQ�D�ILOH�myjob.c�HQWHU�

% mpicc -c myjob.c

7KLV�FRPPDQG�SURGXFHV�WKH�myjob.o�WKDW�FRQWDLQV�WKH�REMHFW�FRGH�IRU�WKLV�/6)�
3DUDOOHO�VRXUFH�ILOH��

7R�OLQN�WKH�myjob.o�REMHFW�ILOH�ZLWK�WKH�/6)�3DUDOOHO�OLEUDULHV�WR�FUHDWH�DQ�
H[HFXWDEOH��HQWHU�

% mpicc -o myjob myjob.o

$V�ZLWK�PRVW�&�FRPSLOHUV��WKH�-o�IODJ�VSHFLILHV�WKDW�WKH�QDPH�RI�WKH�H[HFXWDEOH�
SURGXFHG�E\�WKH�OLQNHU�LV�WR�EH�myjob�

7KH�&�VRXUFH�ILOH�FDQ�EH�FRPSLOHG�DQG�OLQNHG�LQ�RQH�VWHS�XVLQJ�WKH�IROORZLQJ�
FRPPDQG�

% mpicc myjob -o myjob

Fortran 77 Programs

7KH�/6)�3DUDOOHO�)RUWUDQ����FRPSLOHU��mpif77��LV�XVHG�WR�FRPSLOH�03,�)RUWUDQ����
VRXUFH�ILOHV��,W�LV�XVHG�LQ�D�VLPLODU�PDQQHU�WR�RWKHU�81,;�EDVHG�)RUWUDQ����
FRPSLOHUV��

)RU�H[DPSOH��7R�FRPSLOH�WKH�VDPSOH�SURJUDP�FRQWDLQHG�LQ�D�ILOH�myjob.f�HQWHU�

% mpif77 -c myjob.f
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Building Parallel Applications
Compiling and Linking3
7KLV�FRPPDQG�SURGXFHV�WKH�myjob.o�WKDW�FRQWDLQV�WKH�REMHFW�FRGH�IRU�WKLV�/6)�
3DUDOOHO�VRXUFH�ILOH�

7R�OLQN�WKH�myjob.o�REMHFW�ILOH�ZLWK�WKH�/6)�3DUDOOHO�OLEUDULHV�WR�FUHDWH�DQ�
H[HFXWDEOH��HQWHU�

% mpif77 -o myjob myjob.o

$V�ZLWK�PRVW�)RUWUDQ����FRPSLOHUV��WKH�-o�IODJ�VSHFLILHV�WKDW�WKH�QDPH�RI�WKH�
H[HFXWDEOH�SURGXFHG�E\�WKH�OLQNHU�LV�WR�EH�myjob�

7KH�)RUWUDQ����VRXUFH�ILOH�FDQ�EH�FRPSLOHG�DQG�OLQNHG�LQ�RQH�VWHS�XVLQJ�WKH�
IROORZLQJ�FRPPDQG�

% mpif77 myjob -o myjob
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Building Parallel Applications
Building a Heterogeneous Parallel Application
Building a Heterogeneous Parallel Application

7KH�/6)�3DUDOOHO�V\VWHP�SURYLGHV�D�KRVW�W\SH�VXEVWLWXWLRQ�IDFLOLW\�WR�DOORZ�D�
KHWHURJHQHRXV�PXOWLSOH�DUFKLWHFWXUH�GLVWULEXWHG�DSSOLFDWLRQ�WR�EH�VXEPLWWHG�WR�WKH�
/6)�%DWFK�V\VWHP��7KH�IROORZLQJ�VWHSV�RXWOLQH�KRZ�WR�EXLOG�DQG�GHSOR\�D�
KHWHURJHQHRXV�DSSOLFDWLRQ�

�� 'HVLJQ�WKH�SDUDOOHO�DSSOLFDWLRQ�

�� &RPSLOH�WKH�DSSOLFDWLRQ�RQ�DOO�/6)�KRVW�W\SH�DUFKLWHFWXUHV�WKDW�ZLOO�EH�XVHG�WR�
VXSSRUW�WKLV�DSSOLFDWLRQ�

Note   7KH�ELQDULHV�PXVW�HLWKHU�EH�QDPHG�ZLWK�YDOLG�/6)�KRVW�W\SH�H[WHQVLRQV�
RU�SODFHG�LQ�GLUHFWRULHV�QDPHG�ZLWK�YDOLG�/6)�KRVW�W\SH�SDWK�QDPHV�

�� 3ODFH�ELQDULHV�LQ�WKH�DSSURSULDWH�VKDUHG�ILOH�V\VWHP�RU�GLVWULEXWH�WKHP�
DFFRUGLQJO\�

�� 8VH�WKH�%a�DQQRWDWLRQ�WR�VXEPLW�WKH�SDUDOOHO�DSSOLFDWLRQ�WR�WKH�/6)�%DWFK�
V\VWHP�

LSF Host Type Naming Convention

%LQDULHV�PXVW�EH�FRPSLOHG�RQ�WKH�WDUJHW�KRVW�W\SH�DUFKLWHFWXUHV��7KH�ELQDU\�PXVW�
EH�QDPHG�XVLQJ�D�YDOLG�/6)�KRVW�W\SH�VWULQJ�DV�WKH�H[WHQVLRQ�WR�LWV�QDPH�RU�WKH�
QDPH�RI�D�GLUHFWRU\�LQ�LWV�SDWK��lshosts�GLVSOD\V�D�OLVW�RI�YDOLG�/6)�KRVW�W\SHV���
:KHQ�WKH�%a�QRWDWLRQ�LV�XVHG�WR�VXEPLW�D�SDUDOOHO�DSSOLFDWLRQ�WR�WKH�/6)�%DWFK�
V\VWHP�WKH�WDUJHW�KRVW�W\SH�VWULQJ�LV�VXEVWLWXWHG�

$OO�ELQDULHV�IRU�D�VSHFLILF�DSSOLFDWLRQ�PXVW�EH�QDPHG�XVLQJ�WKH�VDPH�KRVW�W\SH�
VXEVWLWXWLRQ�IRUPDW��L�H���ELQDU\�H[WHQVLRQ�RU�SDWK�QDPH��

([DPSOH��7KH�IROORZLQJ�ELQDULHV�DUH�QDPHG�ZLWK�DSSURSULDWH�KRVW�W\SH�H[WHQVLRQV�
WR�LGHQWLI\�WKH�WDUJHW�SODWIRUP�RQ�ZKLFK�WKH\�DUH�WR�UXQ��7KHVH�ELQDULHV�DUH�QDPHG�
WR�XVH�6XQ�6RODULV�DQG�56�����DUFKLWHFWXUH�PDFKLQHV�

• myjob.SUNSOL
• myjob.RS6K
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Building Parallel Applications
Building a Heterogeneous Parallel Application3
([DPSOH��7KH�IROORZLQJ�ELQDULHV�DUH�QDPHG�ZLWK�DSSURSULDWH�SDWK�QDPHV�WR�LGHQWLI\�
WKH�WDUJHW�SODWIRUP�RQ�ZKLFK�WKH\�DUH�WR�UXQ��7KHVH�ELQDULHV�DUH�QDPHG�WR�XVH�6XQ�
6RODULV�DQG�56�����DUFKLWHFWXUH�PDFKLQHV�

• /user/batch/SUNSOL/myjob
• /user/batch/RS6K/myjob

%a Notation

$IWHU�D�SDUDOOHO�DSSOLFDWLRQ�LV�VXEPLWWHG�WR�WKH�/6)�%DWFK�V\VWHP��WKH�3DUDOOHO�
$SSOLFDWLRQ�0DQDJHU��3$0��UHSODFHV�WKH�%a�DQQRWDWLRQ�ZLWK�WKH�DSSURSULDWH�/6)�
KRVW�W\SH�VWULQJ��3$0�WKHQ�ODXQFKHV�WKH�LQGLYLGXDO�WDVNV�RI�WKH�DSSOLFDWLRQ�RQ�WKH�
UHPRWH�KRVWV�XVLQJ�WKH�FRUUHFW�ELQDULHV�

Note   8VH�WKH�lshosts �FRPPDQG�WR�GHWHUPLQH�ZKLFK�/6)�KRVWV�DUH�DYDLODEOH��)RU�
H[DPSOH�

% lshosts
HOST_NAME type model cpuf ncpus maxmem maxswp server RESOURCES
host1 SUNSOL SunSparc 6.0 1 64M 112M Yes (solaris cserver)
host2 RS6K IBM350 7.0 1 64M 124M Yes (cserver aix)

([DPSOH��7R�VXEPLW�WKH�myjob �DSSOLFDWLRQ�IURP�WKH�VDPH�GLUHFWRU\�XVLQJ�/6)�KRVW�
W\SH�H[WHQVLRQV�WKH�IROORZLQJ�FRPPDQG�LV�XVHG�

% pam -n 2 myjob.%a

3$0�ZLOO�PDNH�WKH�IROORZLQJ�VXEVWLWXWLRQV�IRU�WKH�%a�QRWDWLRQ�

• myjob.SUNSOL
• myjob.RS6K

([DPSOH��7R�VXEPLW�WKH�myjob �DSSOLFDWLRQ�IURP�GLIIHUHQW�GLUHFWRULHV�XVLQJ�KRVW�
W\SH�SDWK�QDPHV�WKH�IROORZLQJ�FRPPDQG�LV�EH�XVHG�

% pam -n 2 /user/batch/%a/myjob

3$0�ZLOO�PDNH�WKH�IROORZLQJ�VXEVWLWXWLRQV�IRU�WKH�%a�QRWDWLRQ�

• /user/batch/SUNSOL/myjob 
• /user/batch/RS6K/myjob
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4 Submitting Parallel Applications

7KLV�FKDSWHU�GHVFULEHV�KRZ�WR�VXEPLW�DQG�LQWHUDFW�ZLWK�SDUDOOHO�DSSOLFDWLRQV�LQ�WKH�
/6)�%DWFK�V\VWHP�

$Q�H[WHQVLYH�DQG�IOH[LEOH�VHW�RI�WRROV�LV�SURYLGHG�WKDW�DOORZV�SDUDOOHO�DSSOLFDWLRQV�
WR�EH�VXEPLWWHG�WKURXJK�WKH�/6)�%DWFK�V\VWHP��3DUDOOHO�DSSOLFDWLRQV�FDQ�DOVR�EH�
H[HFXWHG�LQWHUDFWLYHO\�XQGHU�FRQWURO�RI�WKH�3DUDOOHO�$SSOLFDWLRQ�0DQJHU��3$0���
7KHVH�WRROV�DOORZ�WKH�VSHFLILFDWLRQ�RI�KRZ��ZKHQ��DQG�ZKHUH�D�SDUDOOHO�DSSOLFDWLRQ�
LV�WR�EH�UXQ�

7KLV�FKDSWHU�GLVFXVVHV�WKH�IROORZLQJ�WRSLFV�

-RE�6XEPLVVLRQ�0HWKRGV ������������������������������������������������������������������������������������

%DWFK�([HFXWLRQ��������������������������������������������������������������������������������������������������
%DWFK�-RE�6WDWXV ��������������������������������������������������������������������������������������������������
6XEPLWWLQJ�%DWFK�-REV ����������������������������������������������������������������������������������������
6XVSHQGLQJ�-REV ��������������������������������������������������������������������������������������������������
5HVXPLQJ�-REV�����������������������������������������������������������������������������������������������������
0RQLWRULQJ�-RE�6WDWXV�����������������������������������������������������������������������������������������
7HUPLQDWLQJ�-REV�������������������������������������������������������������������������������������������������
5XQQLQJ�+HWHURJHQHRXV�3DUDOOHO�$SSOLFDWLRQV ��������������������������������������������������

,QWHUDFWLYH�([HFXWLRQ������������������������������������������������������������������������������������������
7KH�SDP�&RPPDQG ��������������������������������������������������������������������������������������������
3URFHVV�6WDWXV�5HSRUW �����������������������������������������������������������������������������������������
*HWWLQJ�+RVW�,QIRUPDWLRQ ����������������������������������������������������������������������������������
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Submitting Parallel Applications
Job Submission Methods4
Job Submission Methods

7KH�/6)�3DUDOOHO�V\VWHP�VXSSRUWV�EDWFK�VXEPLVVLRQ�RI�SDUDOOHO�DSSOLFDWLRQV��EDWFK�
MREV��XVLQJ�WKH�IDFLOLWLHV�RI�WKH�/6)�%DWFK�6\VWHP��,QWHUDFWLYH�H[HFXWLRQ�RI�SDUDOOHO�
DSSOLFDWLRQV�LV�DOVR�VXSSRUWHG�XQGHU�FRQWURO�RI�WKH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU�
�3$0��

Batch Execution

:KHQ�VXEPLWWLQJ�D�SDUDOOHO�EDWFK�MRE��WKH�/6)�3DUDOOHO�V\VWHP�XVHV�WKH�DGYDQFHG�
IHDWXUHV�RI�WKH�/6)�%DWFK�V\VWHP�WR�VHOHFW��VXEPLW��DQG�LQWHUDFW�ZLWK�WKH�LQGLYLGXDO�
WDVNV�RI�WKH�SDUDOOHO�EDWFK�MRE��7KH�EDWFK�MRE�LV�VXEPLWWHG�WR�D�TXHXH�XVLQJ�WKH�bsub�
FRPPDQG�DQG�WKH�/6)�%DWFK�V\VWHP�DWWHQGV�WR�WKH�GHWDLOV�

$�SDUDOOHO�EDWFK�MRE�LV�VXEPLWWHG�WR�D�TXHXH��ZKHUH�LW�ZDLWV�XQWLO�LW�UHDFKHV�WKH�IURQW�
RI�WKH�TXHXH�DQG�WKH�DSSURSULDWH�UHVRXUFHV�EHFRPH�DYDLODEOH��7KHQ�WKH�EDWFK�MRE�
ZLOO�EH�GLVSDWFKHG�WR�WKH�PRVW�VXLWDEOH�KRVWV�IRU�H[HFXWLRQ��7KLV�VRSKLVWLFDWHG�
TXHXLQJ�V\VWHP�DOORZV�EDWFK�MREV�WR�UXQ�DV�VRRQ�DV�WKH�VXLWDEOH�KRVW�UHVRXUFHV�
EHFRPHV�DYDLODEOH�

Note   7KH�EDWFK�MRE�PD\�QRW�EH�UXQ�LPPHGLDWHO\��LW�PD\�TXHXHG�XQWLO�WKH�
DSSURSULDWH�UHVRXUFHV�EHFRPH�DYDLODEOH�

7R�XVH�WKH�bsub�FRPPDQG�WR�VXEPLW�D�SDUDOOHO�EDWFK�MRE�WR�WKH�/6)�%DWFK�V\VWHP��
VHH�6XEPLWWLQJ�%DWFK�-REV�RQ�SDJH����

Interactive Execution

:KHQ�LQWHUDFWLYHO\�H[HFXWLQJ�D�SDUDOOHO�EDWFK�MRE��WKH�pam�FRPPDQG�LV�XVHG�WR�
LQYRNH�3$0��:KHQ�VXEPLWWLQJ�EDWFK�MREV�XVLQJ�WKH�pam�FRPPDQG��WKH�/6)�%DWFK�
V\VWHP�LV�E\SDVVHG��WKH�MREV�DUH�QRW�TXHXHG��%DWFK�MREV�DUH�UXQ�LPPHGLDWHO\�XSRQ�
HQWHULQJ�WKH�FRPPDQG�LI�WKH�VSHFLILHG�UHVRXUFH�UHTXLUHPHQWV�DUH�PHW��,I�WKH�
UHVRXUFHV�DUH�QRW�DYDLODEOH�WKH�MRE�LV�QRW�UXQ�

6LQFH�WKH�MREV�GR�QRW�ZDLW��LQWHUDFWLYH�MRE�H[HFXWLRQ�LV�EHQHILFLDO�IRU�GHEXJJLQJ�
SDUDOOHO�DSSOLFDWLRQV��'LUHFW�LQWHUDFWLRQ�LV�VXSSRUWHG��$OO�WKH�LQSXW�DQG�RXWSXW�LV�
KDQGOHG�WUDQVSDUHQWO\�EHWZHHQ�WKH�ORFDO�DQG�H[HFXWLRQ�KRVWV��

7R�XVH�WKH�pam�FRPPDQG�WR�H[HFXWH�D�SDUDOOHO�EDWFK�MRE�LQWHUDFWLYHO\��VHH�,QWHUDFWLYH�
([HFXWLRQ�RQ�SDJH����
20 LSF Parallel User’s Guide



Submitting Parallel Applications
Job Submission Methods
LSF Parallel and LSF Batch Commands

7KH�/6)�%DWFK�DQG�/6)�3DUDOOHO�SURGXFWV�SURYLGH�FRPPDQGV�DQG�PDQ�SDJHV�IRU�
WKHVH�FRPPDQGV��

,I�WKHVH�FRPPDQGV�FDQQRW�EH�H[HFXWHG�RU�WKH�PDQ�SDJHV�FDQQRW�EH�YLHZHG��WKH�
DSSURSULDWH�GLUHFWRULHV�PD\�QHHG�WR�EH�DGGHG�WR�WKH�V\VWHPV�SDWK��FKHFN�ZLWK�WKH�
V\VWHP�DGPLQLVWUDWRU�
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Submitting Parallel Applications
Batch Execution4
Batch Execution

7KH�/6)�3DUDOOHO�V\VWHP�XVHV�WKH�IHDWXUHV�RI�WKH�/6)�%DWFK�V\VWHP�WR�VHOHFW�WKH�
PRVW�VXLWDEOH�KRVWV��VXEPLW��DQG�LQWHUDFW�ZLWK�SDUDOOHO�EDWFK�MREV��7KH�EDWFK�MRE�LV�
VXEPLWWHG�WR�D�TXHXH�XVLQJ�WKH�bsub�FRPPDQG��DV�GHVFULEHG�LQ�6XEPLWWLQJ�%DWFK�-REV�
RQ�SDJH�����DQG�WKH�/6)�%DWFK�DQG�/6)�3DUDOOHO�V\VWHPV�DWWHQG�WR�WKH�UHVW��

/LNH�VHULDO�EDWFK�MREV��SDUDOOHO�EDWFK�MREV�SDVV�WKURXJK�PDQ\�VWDWHV��6HH�%DWFK�-RE�
6WDWXV�RQ�SDJH����

7KLV�SDUW�RI�WKH�FKDSWHU�GLVFXVVHV�WKH�IROORZLQJ�WRSLFV�

%DWFK�-RE�6WDWXV ��������������������������������������������������������������������������������������������������
6XEPLWWLQJ�%DWFK�-REV ����������������������������������������������������������������������������������������
6XVSHQGLQJ�-REV ��������������������������������������������������������������������������������������������������
5HVXPLQJ�-REV�����������������������������������������������������������������������������������������������������
0RQLWRULQJ�-RE�6WDWXV�����������������������������������������������������������������������������������������
7HUPLQDWLQJ�-REV�������������������������������������������������������������������������������������������������
5XQQLQJ�+HWHURJHQHRXV�3DUDOOHO�$SSOLFDWLRQV ��������������������������������������������������
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Batch Job Status

(DFK�EDWFK�MRE�VXEPLWWHG�WR�WKH�/6)�%DWFK�V\VWHP�SDVVHV�WKURXJK�D�VHULHV�RI�VWDWHV�
XQWLO�WKH�MRE�FRPSOHWHV�QRUPDOO\��VXFFHVV��RU�DEQRUPDOO\��IDLOXUH���7KH�bjobs�
FRPPDQG�DOORZV�WKH�VWDWXV�RI�WKH�EDWFK�MREV�WR�EH�PRQLWRUHG��VHH�0RQLWRULQJ�-RE�
6WDWXV�RQ�SDJH�����7KH�DELOLW\�WR�PRQLWRU�EDWFK�MRE�VWDWXV�H[WHQGV�WR�WKH�LQGLYLGXDO�
SURFHVVHV��WDVNV��RI�WKH�SDUDOOHO�DSSOLFDWLRQ�

)LJXUH�����%DWFK�-RE�6WDWH�'LDJUDP

SSUSP

RUN

USUSP

EXIT

PSUSP

PEND
bsub

bstop

bresume

bkill
or abnormal
exit

DONE

suitable host found

migration

normal
completion

host OK host overloaded

bkill

bstop bresume

bkill
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Submitting Parallel Applications
Batch Job Status4
)LJXUH���VKRZV�WKH�SRVVLEOH�VWDWHV�D�EDWFK�MRE�FDQ�SDVV�WKURXJK�ZKHQ�VXEPLWWHG�WR�
WKH�/6)�%DWFK�V\VWHP��7KH�GLDJUDP�DOVR�VKRZV�WKH�DFWLYLWLHV�DQG�FRPPDQGV�WKDW�
FDXVH�WKH�VWDWH�WUDQVLWLRQV��7KH�EDWFK�MRE�VWDWHV�DUH�GHVFULEHG�LQ�7DEOH���

7DEOH�����%DWFK�-RE�6WDWH�'HVFULSWLRQV

6WDWH 'HVFULSWLRQ

3(1' $�EDWFK�MRE�LV�SHQGLQJ�ZKHQ�LW�LV�VXEPLWWHG��XVLQJ�WKH�bsub�FRPPDQG��
DQG�ZDLWLQJ�LQ�D�TXHXH��,W�UHPDLQV�SHQGLQJ�XQWLO�LW�PRYHV�WR�WKH�KHDG�RI�
WKH�TXHXH�DQG�DOO�FRQGLWLRQV�IRU�LWV�H[HFXWLRQ�DUH�PHW��7KH�FRQGLWLRQV�
PD\�LQFOXGH�

� 6WDUW�WLPH�VSHFLILHG�E\�WKH�XVHU�ZKHQ�WKH�MRE�LV�VXEPLWWHG
� /RDG�FRQGLWLRQV�RQ�TXDOLILHG�KRVWV
� 7LPH�ZLQGRZV�GXULQJ�ZKLFK�

� 7KH�TXHXH�FDQ�GLVSDWFK�MREV
� 4XDOLILHG�KRVWV�FDQ�DFFHSW�MREV

� 5HODWLYH�SULRULW\�WR�RWKHU�XVHUV�DQG�MREV
� $YDLODELOLW\�RI�WKH�VSHFLILHG�UHVRXUFHV�

581 $�EDWFK�MRE�LV�UXQQLQJ�ZKHQ�LW�KDV�EHHQ�GLVSDWFKHG�WR�D�KRVW�

'21( $�EDWFK�MRE�LV�GRQH�ZKHQ�LW�KDV�QRUPDOO\�FRPSOHWHG�LWV�H[HFXWLRQ�

36863 7KH�MRE�RZQHU�RU�WKH�/6)�$GPLQLVWUDWRU�FDQ�VXVSHQG��XVLQJ�WKH�bstop�
FRPPDQG��D�EDWFK�MRE�ZKLOH�LW�LV�SHQGLQJ�

$OVR��WKH�MRE�RZQHU�RU�WKH�/6)�$GPLQLVWUDWRU�FDQ�UHVXPH��XVLQJ�WKH�
bresume�FRPPDQG��D�EDWFK�WKDW�LV�LQ�WKH�36863�VWDWH��WKHQ�WKH�EDWFK�
MRE�VWDWH�WUDQVLWLRQV�WR�3(1'�

86863 7KH�MRE�RZQHU�RU�WKH�/6)�$GPLQLVWUDWRU�FDQ�VXVSHQG��XVLQJ�WKH�bstop�
FRPPDQG��D�EDWFK�MRE�DIWHU�LW�KDV�EHHQ�GLVSDWFKHG�

$OVR��WKH�RZQHU�RU�WKH�/6)�$GPLQLVWUDWRU�FDQ�UHVXPH��XVLQJ�WKH�
bresume�FRPPDQG��D�EDWFK�WKDW�LV�LQ�WKH�86863�VWDWH��WKHQ�WKH�EDWFK�
MRE�VWDWH�WUDQVLWLRQV�WR�66863�
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� :KHQ�RQH�WDVN�H[LWV�ZLWK�D�QRQH�]HUR�UHWXUQ�YDOXH�DOO�WKH�RWKHU�WDVNV�ZLOO�UXQ�
XQWLO�WKH\�FRPSOHWH��'21(��RU�IDLO��(;,7��

� :KHQ�RQH�WDVN�LV�NLOOHG�E\�D�VLJQDO�RU�FRUH�GXPSV��DOO�WKH�RWKHU�WDVNV�ZLOO�EH�
VKXW�GRZQ�

66863 $�EDWFK�MRE�FDQ�EH�VXVSHQGHG�E\�WKH�/6)�%DWFK�V\VWHP�DIWHU�LW�KDV�EHHQ�
GLVSDWFKHG��7KLV�LV�GRQH�LI�WKH�ORDG�RQ�WKH�H[HFXWLRQ�KRVW�RU�KRVWV�
EHFRPHV�WRR�KLJK�LQ�RUGHU�WR�PD[LPL]H�KRVW�SHUIRUPDQFH�RU�WR�
JXDUDQWHH�LQWHUDFWLYH�UHVSRQVH�WLPH��

7KH�/6)�%DWFK�V\VWHP�VXVSHQGV�EDWFK�MREV�DFFRUGLQJ�WR�WKHLU�SULRULW\�
XQOHVV�WKH�VFKHGXOLQJ�SROLF\�DVVRFLDWHG�ZLWK�WKH�MRE�GLFWDWHV�RWKHUZLVH��
$�EDWFK�MRE�PD\�DOVR�EH�VXVSHQGHG�LI�WKH�MRE�TXHXH�KDV�D�WLPH�ZLQGRZ�
DQG�WKH�FXUUHQW�WLPH�H[FHHGV�WKH�ZLQGRZ�

7KH�/6)�%DWFK�V\VWHP�FDQ�ODWHU�UHVXPH�D�V\VWHP�VXVSHQGHG��66863��
MRE�LI�WKH�ORDG�FRQGLWLRQ�RQ�WKH�H[HFXWLRQ�KRVW�GHFUHDVHV�RU�WKH�WLPH�
ZLQGRZ�RI�WKH�TXHXH�RSHQV�

(;,7 $�EDWFK�MRE�FDQ�WHUPLQDWH�DEQRUPDOO\��IDLO��IURP�DQ\�VWDWH�IRU�PDQ\�
UHDVRQV��$EQRUPDO�MRE�WHUPLQDWLRQ�FDQ�RFFXU�ZKHQ�

� &DQFHOOHG��XVLQJ�WKH�bkill�FRPPDQG��E\�RZQHU�RU�/6)�
DGPLQLVWUDWRU�ZKLOH�LQ�3(1'��581��RU�86863�VWDWH�

� $ERUWHG�E\�/6)�EHFDXVH�MRE�FDQQRW�EH�GLVSDWFKHG�EHIRUH�D�
WHUPLQDWLRQ�GHDGOLQH

� )DLOV�WR�VWDUW�VXFFHVVIXOO\��H�J���WKH�ZURQJ�H[HFXWDEOH�ZDV�VSHFLILHG�
DW�WLPH�RI�MRE�VXEPLVVLRQ�

� &UDVKHV�GXULQJ�H[HFXWLRQ�

7DEOH�����%DWFK�-RE�6WDWH�'HVFULSWLRQV

6WDWH 'HVFULSWLRQ
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The bsub Command

7KH�bsub�FRPPDQG�LV�XVHG�WR�VXEPLW�SDUDOOHO�EDWFK�MREV�WR�WKH�/6)�%DWFK�V\VWHP��
7KH�V\QWD[�IRU�XVLQJ�bsub�ZKHQ�VXEPLWWLQJ�SDUDOOHO�DSSOLFDWLRQV�LV�WKH�VDPH�DV�WKH�
/6)�%DWFK�V\VWHP�ZLWK�WKH�DGGLWLRQ�RI�WKH�pam�RSWLRQ�

% bsub [options] pam [options] job

The pam Option

7KH�pam�RSWLRQV�XVHG�ZLWK�WKH�bsub�FRPPDQG�DUH�D�VXEVHW�RI�WKH�pam�FRPPDQG�
RSWLRQV��VHH�7KH�SDP�&RPPDQG�RQ�SDJH�����6LQFH�WKH�/6)�%DWFK�V\VWHP�GRHV�DOO�RI�
WKH�UHVRXUFH�DOORFDWLRQ�DQG�VFKHGXOLQJ��WKH�pam�RSWLRQV��P���I��DQG��Q�DUH�QRW�
QHFHVVDU\�DQG�DUH�LJQRUHG�E\�WKH�bsub�FRPPDQG��7KH�V\QWD[�IRU�bsub pam�LV�

pam [-h][-V][-t][-v]

7KH bsub pam RSWLRQV�DUH�

([DPSOH��7KH�IROORZLQJ�FRPPDQG�VXEPLWV�D�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�WR�
WKH�/6)�%DWFK�V\VWHP�DQG�UHTXHVWV�IRXU�SURFHVVRUV�RI�DQ\�W\SH�WR�UXQ�WKH�MRE�

% bsub -n 4 pam myjob

:KHQ�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�LV�VXEPLWWHG�WR�WKH�/6)�%DWFK�V\VWHP�
DQG�GLVSDWFKHG�WR�KRVW���KRVW���KRVW��DQG�KRVW���WKH�bjobs�FRPPDQG�ZLOO�GLVSOD\��

2SWLRQ 'HVFULSWLRQ

�K 3ULQW�FRPPDQG�XVDJH�WR�VWDQGDUG�HUURU�DQG�H[LW�

�9 3ULQW�/6)�YHUVLRQ�WR�VWDQGDUG�HUURU�DQG�H[LW�

�W 6XSSUHVV�WKH�SULQWLQJ�RI�WKH�SURFHVV�VWDWXV�VXPPDU\�RQ�MRE�
FRPSOHWLRQ�

�Y 6SHFLILHV�WKH�MRE�LV�WR�EH�UXQ�LQ�YHUERVH�PRGH��7KH�QDPHV�RI�
WKH�VHOHFWHG�KRVWV�DUH�GLVSOD\HG�
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Submitting Batch Jobs
% bjobs
JOBID USER     STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
713   user1    RUN   batch      host99      host1       myjob      Sep 12 16:30
                                            host2
                                            host3
                                            host4
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Suspending Jobs

The bstop Command

7KH�bstop�FRPPDQG�LV�XVHG�WR�VXVSHQG�SDUDOOHO�EDWFK�MREV�UXQQLQJ�LQ�WKH�/6)�
%DWFK�V\VWHP��7KH�V\QWD[�IRU�XVLQJ�WKH�bstop�FRPPDQG�LQ�WKH�/6)�3DUDOOHO�V\VWHP�
LV�

% bstop jobId 

([DPSOH��7KH�IROORZLQJ�FRPPDQG�VXVSHQGV�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�
UXQQLQJ�LQ�WKH�/6)�%DWFK�V\VWHP�ZLWK�MRE�LG�RI�����

% bstop 713

:KHQ�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�LV�VXVSHQGHG�WKH�bjobs�FRPPDQG�ZLOO�
GLVSOD\�WKH�EDWFK�MRE�VWDWH�RI�86863��

% bjobs
JOBID USER     STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
713   user1    USUSP batch      host99      host1       myjob      Sep 12 16:32
                                            host2
                                            host3
                                            host4
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The bresume Command

7KH�bresume�FRPPDQG�LV�XVHG�WR�UHVXPH�VXVSHQGHG�SDUDOOHO�EDWFK�MREV�UXQQLQJ�
LQ�WKH�/6)�%DWFK�V\VWHP��7KH�V\QWD[�IRU�XVLQJ�WKH�bresume�FRPPDQG�LQ�WKH�/6)�
3DUDOOHO�V\VWHP�LV�

% bresume jobID

([DPSOH��7KH�IROORZLQJ�FRPPDQG�UHVXPHV�WKH�VXVSHQGHG�SDUDOOHO�EDWFK�MRE�QDPHG�
myjob�UXQQLQJ�LQ�WKH�/6)�%DWFK�V\VWHP�ZLWK�MRE�,'�RI�����

% bresume 713

:KHQ�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�LV�UHVXPHG�WKH�bjobs�FRPPDQG�ZLOO�
GLVSOD\�WKH�EDWFK�MRE�VWDWH�RI�581�RU�3(1'�

�

% bjobs
JOBID USER     STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
713   user1    RUN   batch      host99      host1       myjob      Sep 12 16:34
                                            host2
                                            host3
                                            host4
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The bjobs Command

7KH�bjobs�FRPPDQG�LV�XVHG�WR�YLHZ�WKH�UXQQLQJ�VWDWXV�DQG�UHVRXUFH�XVDJH�RI�
SDUDOOHO�EDWFK�MREV�UXQQLQJ�LQ�WKH�/6)�%DWFK�V\VWHP��7KH�V\QWD[�IRU�XVLQJ�WKH bjobs 
FRPPDQG�LQ�WKH�/6)�3DUDOOHO�V\VWHP�LV�

% bjobs [options]

([DPSOH��7KH�IROORZLQJ�FRPPDQG�GLVSOD\V�WKH�UXQQLQJ�VWDWXV�DQG�UHVRXUFH�XVDJH�
RI�WKH�MREV�UXQQLQJ�LQ�WKH�/6)�%DWFK�V\VWHP�

([DPSOH��7KH�IROORZLQJ�FRPPDQG�XVHV�WKH�-l�RSWLRQ�WR�GLVSOD\�UXQ�WLPH�UHVRXUFH�
XVDJH��&38��PHPRU\��DQG�VZDS��DV�ZHOO�DV�WKH�UXQQLQJ�VWDWXV�RI�WKH�MREV�UXQQLQJ�LQ�
WKH�/6)�%DWFK�V\VWHP�

% bjobs
JOBID USER     STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
713   user1    RUN   batch      host99      host1       myjob      Sep 12 16:34
                                            host2
                                            host3
                                            host4

% bjobs -l 
Job Id <713>, User, Project, Status, Queue, Interactive pseudo-terminal mode, 
Command <myjob>
                     
Thu Sep 12 16:39:17: Submitted from host <host99>, CWD <$HOME/Work/utopia/pass/
                     pam>, 2-4 Processors Requested;
Thu Sep 12 16:39:18: Started on 4 Hosts/Processors host1 host2 host3 host4,
                     Execution Home < /pcc/s/user1, Execution CWD < /pcc/s/user1/W
                     ork/utopia/pass/pam;
Thu Sep 12 16:40:41: Resource usage collected.
                     The CPU time used is 2 seconds.
                     MEM: 281 Kbytes;  SWAP: 367 Kbytes
                     PGIDs: 4 PIDs: 4 
 SCHEDULING PARAMETERS:
           r15s   r1m  r15m   ut      pg    io   ls    it    tmp    swp    mem
 loadSched   -     -     -     -       -     -    -     -     -      -      -  
 loadStop    -     -     -     -       -     -    -     -     -      -      -  
            nresj
 loadSched     - 
loadStop      - 
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The bkill Command

7KH�bkill�FRPPDQG�LV�XVHG�WR�WHUPLQDWH�SDUDOOHO�EDWFK�MREV�UXQQLQJ�LQ�WKH�/6)�
%DWFK�V\VWHP��7KH�V\QWD[�IRU�XVLQJ�WKH�bkill�FRPPDQG�LQ�WKH�/6)�3DUDOOHO�V\VWHP�
LV�

% bkill jobID [options] 

([DPSOH��7KH�IROORZLQJ�FRPPDQG�WHUPLQDWHV�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�
UXQQLQJ�LQ�WKH�/6)�%DWFK�V\VWHP�ZLWK�D�MRE�,'�RI�����

% bkill 713

:KHQ�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�LV�WHUPLQDWHG�WKH�bjobs�FRPPDQG�ZLOO�
GLVSOD\�WKH�EDWFK�MRE�VWDWH�RI�(;,7��

Note   7KH�WLPH�WDNHQ�WR�WHUPLQDWH�D�SDUDOOHO�EDWFK�MRE�YDULHV�DQG�GHSHQGV�RQ�WKH�
QXPEHU�RI�SDUDOOHO�SURFHVVHV�

% bkill 713
JOBID USER     STAT  QUEUE      FROM_HOST   EXEC_HOST   JOB_NAME   SUBMIT_TIME
713   user1    EXIT  batch      host99      host1       myjob      Sep 12 16:30
                                            host2
                                            host3
                                            host4
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7KH�/6)�3DUDOOHO�V\VWHP�SURYLGHV�DQ�/6)�KRVW�W\SH�VXEVWLWXWLRQ�IDFLOLW\�WR�DOORZ�D�
KHWHURJHQHRXV�PXOWLSOH�DUFKLWHFWXUH�GLVWULEXWHG�DSSOLFDWLRQ�WR�EH�VXEPLWWHG�WR�WKH�
/6)�%DWFK�V\VWHP�

$VVXPSWLRQV�

�� 7KH�ELQDU\�ZLOO�UXQ�RQ�HDFK�VSHFLILHG�SODWIRUP��RU�D�ELQDU\�H[LVWV�IRU�HDFK�
SODWIRUP��

�� 7KH�ELQDULHV�IRU�WKH�3DUDOOHO�DSSOLFDWLRQ�DUH�VSHFLILHG�XVLQJ�WKH�%a�QRWDWLRQ�
IRUPDW��VHH�%XLOGLQJ�D�+HWHURJHQHRXV�3DUDOOHO�$SSOLFDWLRQ�RQ�SDJH����

([DPSOH��8VLQJ�WKH�/6)�KRVW�W\SH�H[WHQVLRQ�IRUPDW�WR�VSHFLI\�WKH�EDWFK�MRE�
QDPHG�myjob�WR�UXQ�RQ�DQ\�WZR�DYDLODEOH�SURFHVVRUV�KDYLQJ�HLWKHU�6XQ�6RODULV�
�68162/��RU�56������56�.��DUFKLWHFWXUHV��WKH�IROORZLQJ�FRPPDQG�FDQ�EH�XVHG�

% bsub -n 2 pam myjob.%a

7R�VSHFLI\�68162/�DQG�56�.�LQ�DQ�HQYLURQPHQW�ZLWK�RWKHU�DUFKLWHFWXUHV��WKH�
IROORZLQJ�FRPPDQG�LV�VSHFLILHG�ZLWK�WKH�-R��UHVRXUFH��RSWLRQ�

% bsub -n 2 -R "type==SUNSOL || type==RS6K" pam myjob.%a

)RU�ERWK�WKHVH�H[DPSOHV��WKH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU��3$0��VXEVWLWXWHV�WKH�
%a�QRWDWLRQ�ZLWK�WKH�FRUUHFW�/6)�KRVW�W\SH�H[WHQVLRQ��7KH�ELQDULHV�XVHG�DUH�QDPHG�

• myjob.SUNSOL
• myjob.RS6K
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([DPSOH��8VLQJ�WKH�/6)�KRVW�W\SH�SDWK�QDPH�IRUPDW�WR�VSHFLI\�WKH�EDWFK�MRE�
QDPHG�myjob�WR�UXQ�RQ�DQ\�WZR�SURFHVVRUV�KDYLQJ�HLWKHU�68162/�RU�56�.�
DUFKLWHFWXUHV��WKH�IROORZLQJ�FRPPDQG�FDQ�EH�XVHG�

% bsub -n 2 pam /user/batch/%a/myjob

7R�VSHFLI\�68162/�DQG�56�.�LQ�DQ�HQYLURQPHQW�ZLWK�RWKHU�DUFKLWHFWXUHV��WKH�
IROORZLQJ�FRPPDQG�LV�VSHFLILHG�ZLWK�WKH�-R��UHVRXUFH��RSWLRQ�

% bsub -n 2 -R "type==SUNSOL || type==RS6K" pam /user/batch/%a/myjob

)RU�ERWK�WKHVH�H[DPSOHV��WKH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU��3$0��VXEVWLWXWHV�WKH�
%a�QRWDWLRQ�ZLWK�WKH�FRUUHFW�/6)�KRVW�W\SH�SDWK�QDPH��7KH�SDWKV�XVHG�WR�VHOHFW�WKH�
ELQDULHV�DUH�

• /user/batch/SUNSOL/myjob
• /user/batch/RS6K/myjob

�

LSF Parallel User’s Guide 33



Submitting Parallel Applications
Interactive Execution4
Interactive Execution

7KH�/6)�3DUDOOHO�V\VWHP�XVHV�WKH�3DUDOOHO�$SSOLFDWLRQ�0DQDJHU��3$0��WR�FRQWURO�
WKH�H[HFXWLRQ�RI�SDUDOOHO�EDWFK�MREV�LQWHUDFWLYHO\��%DWFK�MREV�DUH�H[HFXWHG�
LQWHUDFWLYHO\�XVLQJ�WKH�pam�FRPPDQG��VHH�7KH�SDP�&RPPDQG�RQ�SDJH�����:KHQ�
VXEPLWWLQJ�EDWFK�MREV�XVLQJ�WKH�pam�FRPPDQG��WKH�/6)�%DWFK�V\VWHP�LV�E\SDVVHG��
WKH�MREV�DUH�QRW�TXHXHG��%DWFK�MREV�DUH�UXQ�LPPHGLDWHO\�XSRQ�HQWHULQJ�WKH�
FRPPDQG�LI�WKH�UHVRXUFH�UHTXLUHPHQWV�VSHFLILHG�DUH�PHW��,I�WKH�UHVRXUFHV�DUH�QRW�
DYDLODEOH�WKH�MRE�LV�QRW�UXQ��6LQFH�WKH�MREV�GR�QRW�ZDLW��LQWHUDFWLYH�MRE�H[HFXWLRQ�LV�
EHQHILFLDO�IRU�GHEXJJLQJ�SDUDOOHO�DSSOLFDWLRQV��

7R�VXFFHVVIXOO\�H[HFXWH�DQ�LQWHUDFWLYH�SDUDOOHO�EDWFK�MRE��WKH�pam�FRPPDQG�PXVW�
EH�UHLVVXHG�DW�D�WLPH�ZKHQ�WKH�UHVRXUFHV�DUH�DYDLODEOH��,I�VSHFLILF�UHVRXUFHV�DUH�QRW�
UHTXHVWHG�WKH�/6)�3DUDOOHO�V\VWHP�ZLOO�UXQ�WKH�EDWFK�MRE�RQ�WKH�OHDVW�ORDGHG�KRVWV�
WKDW�PHHW�WKH�EDWFK�MREV�FULWHULD�

'LUHFW�LQWHUDFWLRQ�LV�VXSSRUWHG��$OO�WKH�LQSXW�DQG�RXWSXW�LV�KDQGOHG�WUDQVSDUHQWO\�
EHWZHHQ�ORFDO�DQG�H[HFXWLRQ�KRVWV��$OO�MRE�FRQWURO�VLJQDOV��H�J���FWUO�[��FWUO�]��DQG�
FWUO�O��DUH�SURSDJDWHG�WR�WKH�H[HFXWLRQ�KRVWV��WKLV�DOORZV�LQWHUDFWLRQ�ZLWK�WKH�MRE�
DV�LI�LW�ZHUH�D�EHLQJ�H[HFXWHG�ORFDOO\�

7KLV�SDUW�RI�WKH�FKDSWHU�GLVFXVVHV�WKH�IROORZLQJ�WRSLFV�

7KH�SDP�&RPPDQG ��������������������������������������������������������������������������������������������������
3URFHVV�6WDWXV�5HSRUW������������������������������������������������������������������������������������������������
*HWWLQJ�+RVW�,QIRUPDWLRQ����������������������������������������������������������������������������������������
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7KH�pam�FRPPDQG�LV�XVHG�WR�LQWHUDFWLYHO\�H[HFXWH�SDUDOOHO�EDWFK�MREV�LQ�WKH�/6)�
3DUDOOHO�V\VWHP��$�VXEVHW�RI�WKH�pam�FRPPDQG�LV�XVHG�DV�D�FRPPDQG�RSWLRQ�IRU�
WKH�bsub�FRPPDQG��VHH�7KH�EVXE�&RPPDQG�RQ�SDJH������7KH�V\QWD[�IRU�XVLQJ�WKH�
pam�FRPPDQG�LV�

pam  [-h][-V][-i][-t][-v]
     [-server_addr location      ]
     [| -server_jobid location   ]
     [| -server_jobname location ]
    {-m “ host ...”     }
    {| [-R req] -n num }
     job [ arg ...]
�

2SWLRQ 'HVFULSWLRQ

�K 3ULQW�FRPPDQG�XVDJH�WR�VWDQGDUG�HUURU�DQG�H[LW�

�9 3ULQW�/6)�YHUVLRQ�WR�VWDQGDUG�HUURU�DQG�H[LW�

�L 6SHFLILHV�LQWHUDFWLYH�RSHUDWLRQ�PRGH��WKH�XVHU�ZLOO�EH�DVNHG�
LI�DSSOLFDWLRQ�LV�WR�EH�H[HFXWHG�RQ�DOO�KRVWV��

,I�\HV��\��WKH�WDVN�LV�VWDUWHG�RQ�DOO�KRVWV�VSHFLILHG�LQ�WKH�OLVW��

,I�QR��Q��WKH�XVHU�PXVW�LQWHUDFWLYHO\�VSHFLI\�WKH�KRVWV�

�W 6XSSUHVV�WKH�SULQWLQJ�RI�WKH�MRE�WDVN�VXPPDU\�UHSRUW�WR�WKH�
VWDQGDUG�RXWSXW�DW�MRE�FRPSOHWLRQ��

�Y 6SHFLILHV�WKH�MRE�LV�WR�EH�UXQ�LQ�YHUERVH�PRGH��7KH�QDPHV�RI�
WKH�VHOHFWHG�KRVWV�DUH�GLVSOD\HG��

�VHUYHUBDGGU�
ORFDWLRQ

6SHFLILHV�WKH�ORFDWLRQ�RI�WKH�3$0�VHUYHU��7KH�ORFDWLRQ�LV�
VSHFLILHG�LQ�WKH�hostname:port_no�IRUPDW�

�VHUYHUBMRELG�
ORFDWLRQ

6SHFLILHV�WKH�ORFDWLRQ�RI�WKH�3$0�VHUYHU��7KH�ORFDWLRQ�LV�
VSHFLILHG�XVLQJ�WKH�jobid�IRU�WKH�VHUYHU�3$0�MRE�

�VHUYHUBMREQDPH�
ORFDWLRQ

6SHFLILHV�WKH�ORFDWLRQ�RI�WKH�3$0�VHUYHU��7KH�ORFDWLRQ�LV�
VSHFLILHG�XVLQJ�WKH�jobname�IRU�WKH�VHUYHU�3$0�MRE�
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([DPSOH��7KH�IROORZLQJ�FRPPDQG�H[HFXWHV�WKH�SDUDOOHO�EDWFK�MRE�QDPHG�myjob�
RQ�WKH�/6)�3DUDOOHO�V\VWHP�UHTXHVWLQJ�IRXU�SURFHVVRUV�RI�DQ\�W\SH�

�P��KRVW�«� 6SHFLILHV�WKH�OLVW�RI�KRVWV�RQ�ZKLFK�WR�UXQ�WKH�SDUDOOHO�EDWFK�
MRE�WDVNV��7KH�QXPEHU�RI�KRVW�QDPHV�VSHFLILHG�LQGLFDWHV�WKH�
QXPEHU�RI�SURFHVVRUV�UHTXHVWHG�

Note   7KLV�RSWLRQ�FDQQRW�EH�XVHG�ZLWK�RSWLRQV��-R��RU�-n��
DQG�LV�LJQRUHG�ZKHQ�pam�LV�XVHG�DV�D�bsub�RSWLRQ�

>�5�UHT@��Q�QXP 6SHFLILHV�WKH�QXPEHU�RI�SURFHVVRUV�UHTXLUHG�WR�UXQ�WKH�
SDUDOOHO��MRE�

Note   7KLV�RSWLRQ�FDQQRW�EH�XVHG�ZLWK�RSWLRQ�-m��DQG�LV��
LJQRUHG�ZKHQ�pam�LV�XVHG�DV�D�bsub�RSWLRQ�

�5�UHT 6SHFLI\�WKH�UHVRXUFH�UHTXLUHPHQWV�IRU�KRVW�VHOHFWLRQ�([HFXWH�
WKH�SDUDOOHO�MRE�RQ�WKH�KRVWV�WKDW�PHHW�WKHVH�UHTXLUHPHQWV�

'HIDXOW��r15s:pg

Note   7KLV�RSWLRQ�LV�LJQRUHG�ZKHQ�pam�LV�XVHG�DV�D�bsub�
RSWLRQ�

MRE�>DUJ�«@ 7KH�QDPH�RI�WKH�SDUDOOHO�MRE�WR�EH�UXQ�

Note   7KLV�PXVW�EH�WKH�ODVW�DUJXPHQW�RQ�WKH�SDP�FRPPDQG�
OLQH�

2SWLRQ 'HVFULSWLRQ

% pam -n 4 myjob
TID  HOST_NAME    COMMAND_LINE             STATUS            TERMINATION_TIME
==== ========== ================  ========================  ==================
1    host1      myjob             Completed                 03/31/98 10:31:58
2    host2      myjob             Completed                 03/31/98 10:31:59
3    host3      myjob             Completed                 03/31/98 10:31:59
4    host4      myjob             Completed                 03/31/98 10:31:58
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The pam Command
([DPSOH��7KH�IROORZLQJ�FRPPDQG�XVHV�WKH�-m�RSWLRQ�WR�H[HFXWH�WKH�SDUDOOHO�EDWFK�
MRE�QDPHG�myjob�RQ�KRVW���KRVW���DQG�KRVW��

% pam -m "host1 host2 host3" myjob
TID  HOST_NAME    COMMAND_LINE             STATUS            TERMINATION_TIME
==== ========== ================  ========================  ==================
1    host1      myjob             Completed                 03/31/98 10:31:58
2    host2      myjob             Completed                 03/31/98 10:31:59
3    host3      myjob             Completed                 03/31/98 10:31:59
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Process Status Report

$IWHU�D�SDUDOOHO�EDWFK�MRE�WHUPLQDWHV�LQ�D�VXFFHVVIXO��'RQH��RU�IDLOHG��(;,7��VWDWH�
WKH�/6)�3DUDOOHO�V\VWHP�GLVSOD\V�WKH�VWDWXV�RI�DOO�WKH�SURFHVVHV��)RU�H[DPSOH��

Note   8VH�WKH�-t�RSWLRQ�WR�VXSSUHVV�WKH�SURFHVV�6WDWXV�UHSRUW��)RU�H[DPSOH�

pam -t -n 4 myjob

% pam -n 4 myjob
TID  HOST_NAME    COMMAND_LINE             STATUS            TERMINATION_TIME
==== ========== ================  ========================  ==================
1    host1      myjob             Done                      03/31/98 10:31:58
2    host2      myjob             Done                      03/31/98 10:31:59
3    host3      myjob             Done                      03/31/98 10:31:59
3    host4      myjob             Done                      03/31/98 10:31:59

7DEOH�����pam -n�-RE�6WDWXV

6WDWXV 'HVFULSWLRQ

'RQH 3URFHVV�VXFFHVVIXOO\�FRPSOHWHG�ZLWK�H[LW�FRGH�RI��

([LW��FRGH�� 3URFHVV�XQVXFFHVVIXOO\�FRPSOHWHG�ZLWK�DQ�H[LW�FRGH�RI�
FRGH

6LJQDOHG��VLJQDO�� 3URFHVV�ZDV�WHUPLQDWHG�E\�VLJQDO

([LW��VWDWXV�XQNQRZQ�� &RQQHFWLRQ�EURNHQ��H[LW�VWDWXV�XQNQRZQ

.LOOHG�E\�3$0��VLJQDO�� 3$0�VKXWGRZQ�SURFHVV�XVLQJ�VLJQDO

8QUHDFKDEOH� 3$0�LV�XQDEOH�WR�UHDFK�KRVW�DIWHU�EURNHQ�FRQQHFWLRQ��
1R�ZD\�WR�GHWHUPLQH�WKH�VWDWH�RI�WKH�SURFHVV

5XQDZD\� 3URFHVV�LV�VWLOO�UXQQLQJ��FDQQRW�EH�NLOOHG�E\�3$0

6XVSHQG 3URFHVV�VXVSHQGHG

8QGHILQHG """

5XQ 3URFHVV�UXQQLQJ

/RFDO�5(6�GLHG """
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Getting Host Information

7KH�lshosts�FRPPDQG�LV�XVHG�WR�GLVSOD\�LQIRUPDWLRQ�DERXW�/6)�KRVW�
FRQILJXUDWLRQV�LQFOXGLQJ�QDPH��W\SH��PRGHO��&38�QRUPDOL]DWLRQ�IDFWRU��QXPEHU�RI�
&38V��WRWDO�PHPRU\��DQG�DYDLODEOH�UHVRXUFHV��

([DPSOH�

% lshosts
HOST_NAME      type    model  cpuf ncpus maxmem maxswp server RESOURCES
host1        SGI64  SGI4D35   2.0     1    96M   153M    Yes (lsf_js irix gla)
host99      SUNSOL SunSparc  12.0     4  1024M  1930M    Yes (solaris cs bigmem)
host2        LINUX  I486_33  14.0     1    30M    64M    Yes (linux)
host7        SUN41 SPARCSLC   3.0     1    15M    29M    Yes (sparc bsd sun41)
host3      ALPHA~1  DEC5000   5.0     1    88M   384M    Yes (cs bigmem alpha gla)
host6      ALPHA~1  DEC5000   5.0     1    84M   350M    Yes (gla)
host4       SUNSOL SunSparc  12.0     2   256M   733M    Yes (solaris cs bigmem)
host5          SGI SGIINDIG  15.0     1    96M   300M    Yes (irix)
host8       SUNSOL SunSparc  12.0     1    56M    90M    Yes (solaris cs bigmem)
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HP MPI
HP MPI

:KHQ�\RX�XVH�mpirun�LQ�VWDQG�DORQH�PRGH��\RX�SURYLGH�LW�WKH�KRVW�QDPHV�WR�EH�
XVHG�E\�WKH�03,�MRE��7R�DFKLHYH�EHWWHU�UHVRXUFH�XWLOL]DWLRQ��\RX�FDQ�KDYH�/6)�
PDQDJH�WKH�DOORFDWLRQ�RI�KRVWV��FRRUGLQDWLQJ�WKH�VWDUW�XS�SKDVH�ZLWK�mpirun��7KLV�
LV�GRQH�E\�SUHFHGLQJ�WKH�UHJXODU�+3�03,�mpirun�FRPPDQG�ZLWK�

% bsub pam -mpi

([DPSOH��7R�UXQ�D�VLQJOH�KRVW�MRE�DQG�KDYH�WKH�/6)�%DWFK�V\VWHP�VHOHFW�WKH�KRVW��
WKH�FRPPDQG�

% mpirun -np 14 a.out

LV�HQWHUHG�DV�

% bsub pam -mpi mpirun -np 14 a.out

([DPSOH��7R�UXQ�D�PXOWL�KRVW�MRE�DQG�KDYH�WKH�/6)�%DWFK�V\VWHP�VHOHFW�WKH�KRVWV��
WKH�FRPPDQG�

% mpirun -f appfile

LV�HQWHUHG�DV�

% bsub pam -mpi mpirun -f appfile

ZKHUH�appfile�FRQWDLQV�WKH�IROORZLQJ�HQWULHV�

-h foo -np 8 a.out
-h bar -np 4 b.out
-h foo -np 2 c.out

,Q�WKLV�H[DPSOH��WKH�KRVWV�foo�DQG�bar�DUH�WUHDWHG�DV�V\PEROLF�QDPHV�DQG�UHIHU�WR�
WKH�DFWXDO�KRVWV�WKDW�WKH�/6)�%DWFK�V\VWHP�DOORFDWHV�WR�WKH�MRE��7KH�a.out�DQG�
c.out�SURFHVVHV�DUH�JXDUDQWHHG�WR�UXQ�RQ�WKH�VDPH�KRVW��7KH�b.out�SURFHVVHV�PD\�
UXQ�RQ�D�GLIIHUHQW�KRVW��GHSHQGLQJ�RQ�WKH�UHVRXUFHV�DYDLODEOH�DQG�WKH�/6)�%DWFK�
V\VWHP�VFKHGXOLQJ�DOJRULWKPV��

)RU�D�FRPSOHWH�OLVW�RI�mpirun�RSWLRQV�DQG�HQYLURQPHQW�YDULDEOH�FRQWUROV��UHIHU�WR�
WKH�mpirun�PDQ�SDJH�DQG�WKH�+3�03,�8VHU
V�*XLGH�YHUVLRQ�����
42 LSF Parallel User’s Guide



SGI MPI
SGI MPI

7KH�-mpi�DUJXPHQW�RQ�WKH�bsub�DQG�pam�FRPPDQG�OLQH�LV�D�UHSODFHPHQW�IRU�
mpirun�LQ�WKH�+3�HQYLURQPHQW��(YHU\WKLQJ�DIWHU�-mpi�VKDOO�EH�H[DFWO\�DV�LW�ZRXOG�
QRUPDOO\�DSSHDU�LI�mpirun�ZHUH�EHLQJ�XVHG�

([DPSOH��7R�UXQ�D�WKH�a.out�MRE�DQG�KDYH�WKH�/6)�%DWFK�V\VWHP�VHOHFW�WKH�KRVW��
WKH�FRPPDQG�

% mpirun -np 4 a.out

LV�HQWHUHG�DV�

% mpirun pam -mpi -np 4 a.out

([DPSOH��7R�UXQ�D�PXOWLKRVW�MRE�DQG�KDYH�WKH�/6)�%DWFK�V\VWHP�VHOHFW�WKH�KRVWV��
WKH�IROORZLQJ�FRPPDQG�

% mpirun -f appfile

LV�HQWHUHG�DV�

% bsub pam -mpi -f appfile

ZKHUH�DSSILOH�FRQWDLQV�WKH�IROORZLQJ�HQWULHV�

foo -np 4 a.out
bar -np 4 b.out
foo -np 2 c.out

)RU�D�FRPSOHWH�OLVW�RI�mpirun�RSWLRQV�DQG�HQYLURQPHQW�YDULDEOH�FRQWUROV�UHIHU�WR�
WKH�mpirun�PDQ�SDJH�
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SUN HPC MPI

:KHQ�UXQQLQJ�/6)�%DWFK�MREV�RQ�6XQ�SODWIRUPV��\RX�FDQ�LQFOXGH�WKH�6XQ�VSHFLILF�
DUJXPHQW�²sunhpc�RQ�WKH�bsub�FRPPDQG�OLQH��DIWHU�DQ\�RWKHU�bsub�DUJXPHQWV��
7KH�IROORZLQJ�DUJXPHQWV�WR�²sunhpc�SURYLGH�DGGLWLRQDO�FRQWURO�RYHU�bsub�
EHKDYLRU�LQ�D�6XQ�+3&�HQYLURQPHQW�

–n processes

6SHFLI\�WKH�QXPEHU�RI�SURFHVVHV�WR�UXQ��1RWH�WKDW�WKH�bsub –n �DUJXPHQW�
VSHFLILHV�WKH�QXPEHU�RI�&38V�WR�EH�XVHG�IRU�WKH�MRE�

([DPSOH��7R�VWDUW�D����SURFHVV�LQWHUDFWLYH�MRE�RQ�3$0�HQDEOHG�TXHXH�hpc�
WKDW�ZLOO�ZUDS�RYHU�DW�OHDVW����DQG�DV�PDQ\�DV�����&38V�

% bsub -I -n 4,16 -q hpc -sunhpc -n 48 jobname

Note   6HWWLQJ�WKH�PLQLPXP�QXPEHU�RI�&38V�WR�D�QXPEHU�JUHDWHU�WKDQ���UDLVHV�
WKH�SRVVLELOLW\�WKDW��LI�WKHUH�DUH�IHZHU�&38V�DYDLODEOH�WKDQ�WKH�PLQLPXP�
QXPEHU�\RX�VSHFLI\��WKH�MRE�PD\�IDLO�WR�VWDUW��,Q�WKLV�H[DPSOH��LI�IHZHU�WKDQ���
&38V�DUH�DYDLODEOH��WKH�MRE�ZLOO�QRW�VWDUW��<RX�FDQ�DYRLG�WKLV�SRWHQWLDO�SUREOHP�
E\�VHWWLQJ�WKH�PLQLPXP�QXPEHU�RI�&38V�WR����+RZHYHU��WKLV�LQWURGXFHV�WKH�
SRWHQWLDO�FRVW�WR�SHUIRUPDQFH�RI�KDYLQJ�WKH�SURFHVVHV�ZUDSSHG�RYHU�D�VPDOOHU�
QXPEHU�RI�&38V��

–P host: port

6SHFLI\�WKH�3$0�DGGUHVV�RI�DQRWKHU�MRE�ZLWK�ZKLFK�WKH�QHZ�MRE�VKRXOG�
FRORFDWH��7KH�3$0�DGGUHVV�LV�WKH�7&3�VRFNHW�XVHG�IRU�FRPPXQLFDWLRQV�
EHWZHHQ�WKH�MRE�DQG�3$0��

([DPSOH��7R�VWDUW�D���&38�LQWHUDFWLYH�MRE�RQ�3$0�HQDEOHG�TXHXH�hpc��

����bsub –I –n 4 –q hpc –sunhpc –P �Athos:123 �MREQDPH

7KH�QHZ�MRE�LV�FRORFDWHG�ZLWK�WKH�MRE�ZKRVH�3$0�LV�UXQQLQJ�RQ�KRVW�$WKRV��
XVLQJ�SRUW�����

–j job_ID

6SHFLI\�WKH�MRE�,'�RI�DQRWKHU�MRE�ZLWK�ZKLFK�WKH�QHZ�MRE�VKRXOG�FRORFDWH��

–J job_name

6SHFLI\�WKH�MRE�QDPH�RI�DQRWKHU�MRE�ZLWK�ZKLFK�WKH�QHZ�MRE�VKRXOG�FRORFDWH��
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SUN HPC MPI
–s 

6SHFLI\�WKDW�WKH�MRE�LV�WR�EH�VSDZQHG�LQ�WKH�67233('�VWDWH�

7R�LGHQWLI\�SURFHVVHV�LQ�WKH�67233('�VWDWH��LVVXH�WKH�ps�FRPPDQG�ZLWK�WKH�
–el �DUJXPHQW��

+HUH��WKH��sched�FRPPDQG�LV�LQ�67233('�VWDWH��DV�LQGLFDWHG�E\�WKH�T�HQWU\�
LQ�WKH�S��6WDWH��FROXPQ��

1RWH�WKDW��ZKHQ�VSDZQLQJ�D�SURFHVV�LQ�WKH�67233('�VWDWH�XQGHU�/6)��WKH�
QDPH�RI�\RXU�SURJUDP�ZLOO�QRW�DSSHDU�LQ�WKH�ps�RXWSXW��,QVWHDG��WKH�VWRSSHG�
SURFHVV�ZLOO�EH�LGHQWLILHG�DV�D�5(6�GDHPRQ��

([DPSOH��7R�VWDUW�D���&38�LQWHUDFWLYH�MRE�RQ�3$0�HQDEOHG�TXHXH�hpc��LQ�WKH�
67233('�VWDWH�

% bsub –I –n 1 –q hpc –sunhpc –s  jobname

orpheus 215 => ps -el
F  S   UID   PID  PPID  C PRI NI     ADDR     SZ    WCHAN TTY    TIME CMD
19 T    0     0     0    0 0   SY  f0274e38    0          ?       0:00 sched
LSF Parallel User’s Guide 45



SUN HPC MPI
46 LSF Parallel User’s Guide



Index

Symbols

%a notation . . . . . . . . . . . . . . . . . . . . 18

B

batch job
interactive execution . . . . . . . . . 35
monitor  . . . . . . . . . . . . . . . . . . . . 30
resource usage  . . . . . . . . . . . . . . 30
resume . . . . . . . . . . . . . . . . . . . . . 29
submit  . . . . . . . . . . . . . . . . . . . . . 26
suspend . . . . . . . . . . . . . . . . . . . . 28
terminate . . . . . . . . . . . . . . . . . . . 31

batch job state . . . . . . . . . . . . . . . . . . 23
batch job status . . . . . . . . . . . . . . . . . 23
bjobs . . . . . . . . . . . . . . . . . . . . . . . . . . 30
bkill. . . . . . . . . . . . . . . . . . . . . . . . . . . 31
bresume . . . . . . . . . . . . . . . . . . . . . . . 29
bstop. . . . . . . . . . . . . . . . . . . . . . . . . . 28
bsub  . . . . . . . . . . . . . . . . . . . . . . . . . . 26

pam option  . . . . . . . . . . . . . . . . . 26

C

C program
compile  . . . . . . . . . . . . . . . . . . . . 15

command syntax  . . . . . . . . . . . . . .  xii
compile  . . . . . . . . . . . . . . . . . . . . . . . 15

C program . . . . . . . . . . . . . . . . . . 15
Fortran 77 program . . . . . . . . . . 15

D

DONE  . . . . . . . . . . . . . . . . . . . . . . . . 24

E

execution host substitution. . . . . . . 18
EXIT . . . . . . . . . . . . . . . . . . . . . . . . . . 25

F

Fortran 77 program
compile  . . . . . . . . . . . . . . . . . . . . 15

H

host type substitution  . . . . . . . . . . . 18
HP MPI  . . . . . . . . . . . . . . . . . . . . . . . 42

I

interactive execution
batch job  . . . . . . . . . . . . . . . . . . . 35

J

job
interactive execution . . . . . . . . . 35
monitor  . . . . . . . . . . . . . . . . . . . . 30
resource usage  . . . . . . . . . . . . . . 30
resume . . . . . . . . . . . . . . . . . . . . . 29
submit  . . . . . . . . . . . . . . . . . . . . . 26
suspend . . . . . . . . . . . . . . . . . . . . 28
terminate . . . . . . . . . . . . . . . . . . . 31

job state  . . . . . . . . . . . . . . . . . . . . . . . 23
DONE  . . . . . . . . . . . . . . . . . . . . . 24
EXIT . . . . . . . . . . . . . . . . . . . . . . . 25
LSF Parallel User’s Guide 47



PEND . . . . . . . . . . . . . . . . . . . . . . 24
PSUSP  . . . . . . . . . . . . . . . . . . . . . 24
RUN . . . . . . . . . . . . . . . . . . . . . . . 24
SSUSP. . . . . . . . . . . . . . . . . . . . . . 25
USUSP . . . . . . . . . . . . . . . . . . . . . 24

job status . . . . . . . . . . . . . . . . . . . . . . 23

L

link . . . . . . . . . . . . . . . . . . . . . . . . . . . 15
C program . . . . . . . . . . . . . . . . . . 15
Fortran 77 program . . . . . . . . . . 15

lshosts command . . . . . . . . . . . . . . . 39

M

monitor
batch job. . . . . . . . . . . . . . . . . . . . 30

MPI
HP. . . . . . . . . . . . . . . . . . . . . . . . . 42
SGI  . . . . . . . . . . . . . . . . . . . . . . . . 43
SUN HPC  . . . . . . . . . . . . . . . . . . 44

mpicc  . . . . . . . . . . . . . . . . . . . . . . . . . 15
mpif77  . . . . . . . . . . . . . . . . . . . . . . . . 15

N

notation
%a . . . . . . . . . . . . . . . . . . . . . . . . . 18

P

pam
bsub option . . . . . . . . . . . . . . . . . 26
command. . . . . . . . . . . . . . . . . . . 35

pam option
%a . . . . . . . . . . . . . . . . . . . . . . . . . 18

PEND . . . . . . . . . . . . . . . . . . . . . . . . . 24
PSUSP  . . . . . . . . . . . . . . . . . . . . . . . . 24

R

resource usage
batch job  . . . . . . . . . . . . . . . . . . . 30

resume
batch job  . . . . . . . . . . . . . . . . . . . 29

RUN . . . . . . . . . . . . . . . . . . . . . . . . . . 24

S

SGI MPI . . . . . . . . . . . . . . . . . . . . . . . 43
SSUSP. . . . . . . . . . . . . . . . . . . . . . . . . 25
submit

batch job  . . . . . . . . . . . . . . . . . . . 26
substitution

host type  . . . . . . . . . . . . . . . . . . . 18
SUN HPC MPI . . . . . . . . . . . . . . . . . 44
suspend

batch job  . . . . . . . . . . . . . . . . . . . 28
syntax . . . . . . . . . . . . . . . . . . . . . . . .  xii

T

terminate
batch job  . . . . . . . . . . . . . . . . . . . 31

typographic conventions  . . . . . . . .  xi

U

USUSP . . . . . . . . . . . . . . . . . . . . . . . . 24
48 LSF Parallel User’s Guide


	Table of Contents
	Preface
	Audience
	Related Publications
	Typographic Conventions
	Command Notation
	LSF Suite 3.2
	Technical Assistance

	1 Introduction
	What Is the LSF Parallel System?
	How Does LSF Parallel Fit Into the LSF Batch Syste...
	LSF Parallel Architecture

	2 Getting Started
	Writing a Distributed Application
	Compiling and Linking the Application
	Running the Application

	3 Building Parallel Applications
	Including the Header File
	Compiling and Linking
	Building a Heterogeneous Parallel Application

	4 Submitting Parallel Applications
	Job Submission Methods
	Batch Execution
	Batch Job Status
	Submitting Batch Jobs
	Suspending Jobs
	Resuming Jobs
	Monitoring Job Status
	Terminating Jobs
	Running Heterogeneous Parallel Applications
	Interactive Execution
	The pam Command
	Process Status Report
	Getting Host Information

	A Vendor MPI Implementations
	HP MPI
	SGI MPI
	SUN HPC MPI

	Index

